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Rowi  T«Dparacure  Fhosphorascanc. 
Charoctarlsclci  of  CsffeLno, 
Thoaphylllno,  and  ThoobroBlno 
on  FUcar  Paper.  ExrarnaL  Heav 


by  UV  Abaorpclon  and  S5RTP  Dacaeclon 
In  cha  HPLC  Analyala  of  Ttieobroalne, 
Theophylllna,  and  Caffeine  


Analycloal  Figures  of  NerU  Obcalnad 
for  ThaobroBina , TheopbyllLne,  and 
Caffaioa  by  High  Parfonaanca  Liquid 
Chrooatography  Ulrh  Solid  Subacraca 

Dacaeclon 


fffacc  of  Scoraga  Upon  che  Rooa 
Ubaraecarlscica  of  Caffeine , Thaephyllina 


.n  cbe  predance  of  IM  KI 


Shotr  ^ndlysls  clues  and  saclafaccosy  analycical  flgucas  of  aeclc  (AFOK) 
T^e  versaclLlcy  of  cho  new  syscsm  penBlccetl  tea  use  in  flowing 

rinally,  Che  proposed  dececcor  was  eaployed  in  che  KPLC  analysis  of 


Excltad  St»t«  Pracejiea 

repraBenc  cha  enargy  scaca  of  a nolacula.  At  tooia  canparatura,  nose  of 
Through  Che  abaorpeion  of  elecctomagnetlc  radiation  (A},  a ooLeeuIa 

Tlgura  L*l,  tha  first  and  Che  second  singlet  excited  scatas  are 


axcicaclon  Lnco  a aln^lec  si 


a diffaranc  radlaclva  and 
L,  vibcaclansl  calaxacionj. 


So 


Flgur*  1-1,  Che  crlpLec  sceca  of  loweac  eaergy  la  ayaboLlsed  by  T^,  vhile 
any  ochor  crlplec  atace  of  highar  anacgy  la  cepraaencad  by  Tg. 


hlgheac  vibrational  level  of  Thla  pcoceea  ia  the  reault  of  the 


of  aaclclng  energy  i' 


waa  Inlclally  exclc> 
vlbcacional  level  ol 


■ulctpllclcy  [S].  The 


proeeaaae.  Pcoo  the  loweat  vibrational  leval  of  S^,  Che  noleouLe  has  cw> 
ways  of  directly  returning  co  the  ground  scace.  Through  tC,  without  chi 


deacclvaced  by  nonradiacive  relaxation  and  Che  enlsalon  of  fluorescence 


as  the  one  Initially 


His  cemalnlng  posaiblllcy  co  racum  eo  S.  from  begins  vicb  a 
process  called  Incersyscea  crossing  CISC).  ISC  Is  a radlaclonless 
■ Involving  syscoBS  o£  dlfferenc  nulclpllcicy  which  requlras  a 
;e  Id  cha  elecEco&ic  spin  (&] , Although  chls  kind  of  ccanslcion  has 
:h  lower  probabllLcy  to  occur  chan  spln'sllowad  cransiclons  [3,^).  the 
scale  of  ISC  la  slnilar  Co  the  one  for  fluoreaeanea  CIO~'  • 1Q~^  s) 

$1.  Che  noleoula  can  Chen  pass  co  cha  exclEed  criplec  acace  aanlfold 


L of  T|.  FtoB  Ti,  and  chcough  ISC, 
lower  energy  Ehan  cha  corresponding  slnglec  acace: 

Boleeules  In  Che  criplec  acace  Co  produce  one  molecule  In  Che  exclced 
slnglec  scace  [a, 3),  Uhen  Che  Bolecule  recums  eo  S,  by  cha  eBlssion  of 
a phocon,  an  Idenclcal  speccrua  co  Che  one  of  convenclonal  fluoreacence  la 

Figure  l-l,  receives  Che  naBS  of  delayed  fluorescence  and  has  a llfeclBa 
of  approvlBacaly  10"*  s. 

poaslbillclea  Co  recurn  from  T,  co  S^,  Through  ISC  followed  by  VP,  or 
The  eBlssion  of  phosphorescence  Involves  scsces  of  differenc  nulclpllcicy 

cechnique  known  as  phosphodjaecry,  which  has  been  widely  applied  Co  cha 


djialyjlfi  of  coopoundo  pr«s«ncln|  phosphorescence  enisslon.  Phosphoreecenc 
coDpounds  osuslLy  conslsc  of  noleeiiles  wlcb  excensive  x elacccon  syscens. 
These  IticLude  a large  verlecy  of  aromacic  aolacules  eieher  with  or  wlchouc 
hecaroacons  in  the  eonjugaced  syscea  [l-e|.  The  free  aovaaanc  of  a 


alaecrons  chroughouc  Che  deloeallrad  aoleculer  orbicsls  faeUleecas  Che 
electronic  cransiclons  responsible  for  phosphorescence.  For  ooleculaa 

Che  propocion  of  an  eleceron  froa  a bonding  s ocbical  co  an  ancibondlng  a* 
orbicaX  (n*a*  crensicion).  Aliphacle  Dolecules,  on  che  ocher  hand,  rarely 


la  incenaicy  of  Che  phoaphorescenc  signal  enicced  by  a coiopound  is 
quancun  yield  fpp)  {7,d| . This  intrinsic  Dolecule  paraaecer  is  defined  as 


Equacion  I [9] 
f fluorescence  <k„) . ISC  froa  S^  Co  Tg 


In  liquid  solutions  and  gas  phase,  aosc  of  che  phosphors  have  very 
low  dp  values  as  a consequence  of  che  relacLve  high  value  of  By  using 

subscraces,  che  ISC  responsible  for  che  cransicion  froa  T,  Co  S*  can  be 


cherafore, 


phofiphorescanca 


LlfcEiaa  of  a Phasnhor 

nia  phoaphozeacanca  llfaEloa  ot  a phaaphor  la  daClnad  aa  cha  eina 
raqulrad  far  cha  ealaalan  Co  dacraaaa  ca  I/a  af  lea  original  Incanalcy 

Irtcenalcy  ac  c - 0,  r,  vlll  be  glvan  by; 


(!) 


tha  value  of  r^.  Tbe  Intrinsic  nacural  llfatiaa  can  only  ba  aeaaurad  In 
cha  absence  of  quenching  procasaes,  chac  la,  when  dp*l.  Sloee 

slcuaciana,  r,'  eannoc  ba  dlraccXy  dacenalnad.  However.  If  cha  values  of 
Ep  and  dp  era  known,  Che  Intrinsic  llfaelBa  r^'  can  be  obtained  [a]  by 

I . .•  » 


e considerably  greacec  dlffarencas  in 

overlapped  spectra  could  ba  resolved  by  ciaa*resoluclon.  This  aachod  was 
based  an  Che  saleccion  of  cha  proper  period  of  rioo  baewaan  cha  cuc*off  of 

a way  chac  only  cha  aBlsalon  froa  eba  loogar  lived  coapound  was  dececced. 
Since  Chen,  several  Inacrunencal  modlflcaclona  have  erpandad  the  scope  of 


nie  MeavY-Ato.  gttecc 

Tha  «Bla8l«n  of  phosphoroscenco  <«n  bo  o 
ocoBo  of  hi^  acoBlc  nuabor  (ballad  heavy  abOB 
of  cha  phoaphor  [2-6j.  The  heavy-aaoB  (HA) 

nacrix  (extamal  HA  offact),  Bocuean  chase  cw 


chealcally 
Che  axcecnal  HA 


coupling  incacaecion.  The  ocblcal  Boelon  of  cha  elaccron  Involvea  a 
Begneclc  flald  thee  inceracca  wlch  lea  spin  aagnecic  Bonancua  changing  cha 
dicecclon  of  che  aleecronlc  spin  [2-A],  Aa  a eonaaquanca  of  ebe 

fluoreacenee  quancua  yield  which  ceeulcs  in  a dacraese  In  che  fluorascanca 

cadlaeloDleaa  races  of  criplec  ecace  decay  Co  cha  grouod  alnglac  acaca 
|d],  che  phoaphoraaeenca  quancuB  yield  is  noc  always  increased  and  che 

phosphorescenea  decay  is  acre  scrongly  enhanced.  Id  addlcion,  cha 
excscnal  heavy. acoB  percusbacion  causae  a decrease  in  che  phosphorescence 
lifeciBS  of  che  phosphors  which  also  reduces  cha  probabilicy  of 
radiacicnless  deeccivacion  of  che  criplec  scace  by  collisions  [2*d). 


in  19S7  by  Kales  and  co.vorkers  [ 11] , Since  chan,  cha  cachnique  has  grown 


divldsd  In 


fouc  dlffdronc  cachnlques,  ^Ich  loelud«  solution  Lov> 
phoBphorlaocty  (LTP),  soLld*£urfaoB  raoa-ceaperdture 


flxtonc,  a linoor  rolacloodhlp  betveen  tho  Inconoicy  of  ct 
oolsofon  and  tha  onalyca  coneancraElon. 

For  optically  hoaoganaoua  and  pacfactly  tcanapacanc  solucions  aa  thi 
onea  fraquantly  cescod  In  LTF,  aaositlaad-KTFL  and  cactain  cnicellac  caaaa, 

lotanalcy  of  tha  exelcation  light  by  tha  following  equation  (1,4|; 


whara  Ip  la  the  Intanalty  of  tha  cranaaitcad  light.  For  tranaparant  nadla. 


where  < la  the  aolar  absorptivity,  o is  tha 


o> 


which  shows  chs  dicacc  proporcionslicy  hoc 

sppllcmbllicy  of  Lsoberc  Law  has  sevaca  lioicacions  (L,S 

axcenslvely  acaccscad.  In  addtcion,  cha  axclcaclon  t. 
abaocbad  by  cha  aolld  macrlx  as  wall  as  cha  analyce.  Any  ehaoraclcal 
nodal  anpLoyad  to  daciva  an  ajqiceaaion  celacln|  Incanslcy  and 

Kubalka  and  Hunk  proposad  a sac  of  dlfferancial  aquaclons  of  cba 
first  ordac  In  which  cha  conplex  pcocasa  of  llghc  pcopa^aclon  Inalda 
Inhomoganeaus  seaccaring  oadla  Is  chacaccerlsed  by  only  two  coafflclencs 
[16,17],  Although  this  nodal  la  baaad  on  savaral  caacclcclva  asauispclons 
chac  are  noc  fraquancly  fulfilled  in  exparlnaneal  slcuaclons,  Ics 

quanclcscive  studies  [6|.  Zvaldlnger  and  Ulnafocdnar  [17]  uclllsad  a 
and  cracked  glasses.  AC  low  concencraclons  of  analyca,  cha  Incanslcy  of 


- r- 


2. let 


<9) 


I - average  call  path  length  for  diffusa  raflaccanca,  on'';  ar 
- fraction  of  axclclng  radiation  seaccarad  per  path  length,  c 

d llghc  is  negligible  <s6  « 1),  oquacion  9 reduces  co 


fS 


EquAClDns  10  and  13  show  ohsc  Che  snslyclcsl  curves  (log  1,  vs  log 
and  zero  ac  low  and  high  concencrsclons,  raspacclvely.  These 


w ceoperacuze  117], 


cesulcs  obcalned  si 


wide  linear  dynaalc  ranges  (LOR]  (lO'-IO*  fold  change  In  analyze 


r glasses  aacricas. 


A adtUclon, 


ranfln^  frca  1 ea  b\,  waca  only  obcainac 

aacriji,  raauLoln^  alcber  in  a czackad  glasa  or  in  a snou. 
cha  call  poflclanlng  had  co  be  cacafully  pacfomad  l 

or  chaalaz  waa  nacaasary  co  obtain  aaclafaccazy  caaulca. 

objacvaclon  o£  acrocg  phoaphocaacance  aniaalon  fron  a vide  varlacy  of 

paper,  aabeacoa,  and  giaas  fiber  ware  aoployad  co  provide  cha  rigidity 
raduirad  co  raacriec  eoiliaionai  quancbing  and  Co  prevenc  radiacionlaaa 
daaccivacion  of  Che  criplac  acaca.  In  eoncraac  co  LTP,  cha  aaapling 
pcoeadura  waa  vary  alDpIa  and  required  no  laore  chan  10  nin  par  aaapla. 
rollowing  cheae  early  reporca,  a large  nuabar  of  acudlaa  dealing  with  cha 
opciBiaacion  of  paraaiacara  affeccing  Che  aanaicivicy  and  raproducibilicy 

The  alBplicicy  of  cha  sanpling  procedure,  a 


c popular  pboaphoriaecry  cechnique  of  cl 


:i8). 


Kicalla-arabilizad  coob> camperacura  phoaphcriBecry  in  aquaoua 
carboxylic  aeida,  phancla,  aalnaa,  and  coopcunds  of  phaCBaceucicai 


o£  cha  anaLycBs  froo  axcernaL  queiichers  and  vibraclonaL  daacclvaclan.  ^a 
a^ragaclon  of  aurfactancs  only  ocoura  abova  a carcsin  concancraclon  known 
aa  ctlcieal  nlcella  concencration  (CMC).  Thla  concantraclon  dapenda  upon 

main  dlaadvancago  of  oha  caehniqua,  hovavar,  la  cba  necaaaldy  of  thorough 
aajapla  deoaysanacion,  vfaich  CBaulfa  in  a aaapla  analyala  cloa  of 
approxlsaialy  ona  houi,  raaerlceing  cha  uaa  of  MS-BTP  In  rouclna  analyala 

advanfagaa  In  tha  use  of  oha  alcallar  aachod.  In  aoac  daaae,  cha 
senslclvlcy  and  praeiaion  of  HS-BTP  are  coaparable  Co  chose  obcalnad  by 
LIP  [If];  Che  RTF  analysis  of  large  Bulclcyclie  aroaacie  nonpolar 
a faeillcaead  by  cha  high  solublllcy  of 
envlrancnenc;  Slid  finally,  cha  aicalla 

id  liquid  chrootacography  doceccicn  [d| . 

la  of  aenaiclced  RTPL  [Z7*29j , In  chls  cachnlque, 
cha  uaakly  or  non'phoapKoraaoanc  analyca  (donoci  cranafara  ics  cclplac 

addlcion.  cha  energy  gap  becwaen  Che  cclplac  acacas  of  cha  donor  and  cha 

far,  Che  ooBC  appcoprlaca  accapcor  ceaced  for  cho  cachnlque  haa  bean 
biacecyl  CBlAC)  128] . LOD  In  Che  nanoDolar  range  ware  obtained  by  flow 

liquid  chrodacography  analysis  of  nlxcuros  of  chlarlnacad  naphchalanaa, 
biphenyls,  and  dibenaofutana  [29].  According  co  cho  auchors  128,29), 


several  advancagea  Jusclfy  Eha  usa  of  senslcizecl*&TPL  e 
cachnlqua.  Evan  chough  aanalclzed  RTPL  la  based  on  an  SBlsslon  cachnlqua, 
Ic  is  inhacencly  Doce  sanslciva  chan  UV-absorpcion;  cha  background  noise 
dua  CO  seaccazing  and  fluoresing  iDpurlcies  is  negligible  ac  cha  aalssion 
wavalangcb  of  ElAC  <S22  na);  and  Ic  is  particularly  aalaccive  since  all  of 

signal  of  Che  accepcor.  Further  research,  however,  is  necessary  ca 


£v«n  chough  Roth  [30]  aas  the  first  to  csporc  cho  use  of  colluloto 

coopounds  St  rooa  tonperscuco,  cho  pocooclsl  of  SSRTP  as  so  anslyclcsl 
cochnlque  was  only  recognlsad  aftor  Che  studios  pscforned  by  Schulosn  and 
falling  [20,21].  Uhan  adsorbed  on  solid  subscreces,  such  as  paper, 
silica,  alunlna,  asbestos  and  glass  fiber,  the  Ionic  forhs  of  selts  of  a 
wide  variety  of  polynuclear  carboxylic  or  sulfonic  acids,  phenols,  and 


scrongesc  signals  were  obtained  on  filter  paper.  The  saopllng  procedure 

scrips  were  seturatad  wlch  the  analyte  soluclon  and  slowly  dried  under  an 
Infrared  leap  Co  avoid  Che  praaence  of  hualdlty,  which  showed  co  be  a 

significant  efface  on  Che  RTF  signal  of  most  studied  eompounds.  The  fact 
that  no  phosphorescence  OBlaslon  was  dececced  froo  finely  ground  saaples 

1C  was  also  suggested  Chat  the  Ionic  scats  of  cho  Aolecule  Increased  che 
rigidity  of  che  aacrlr  and  reduced,  as  a consequence,  Che  colllslonal 


The  first  spplicecion  cowards  Che  analytical  usefulness  of  cha 
phanoaenon  was  rapercod  by  Ulnefordnec  and  co'Wockers  f 31,32  J . ficeac  cere 

bleloglcal  incerasc  132).  by  using  a aicrolicer  syringe,  5 pi  ef  a IN 
NaOH  selucion  of  cha  desired  analyte  were  spoccad  on  Eaton  Dikanan  613 

blower,  air  drying  followed  by  e period  in  a desiccator,  and  Infrared  leap 
were  searched  for  beet  reeulcs.  In  Che  analysis  of  acid  derivatives  of 
naphthalene  |31),  the  Dore  reproducible  and  strong  signals  were  obtained 
by  air  drying  followed  by  a period  in  a desicoacoc.  This  procedure, 

proved  Co  be  coo  descruccive  for  the  analyte  and  Che  substrate  [31,32|. 
Infreced  leap,  chough,  showed  to  bo  both  gentle  and  effective  [32],  LOD 
in  the  nanogrea  level  and  calibration  curves  between  one  end  four  orders 
of  oagnitude  were  easily  obtained  in  an  analysis  tins  of  epproxiDscely  one 
ninute  par  sanple  [32],  In  agreeiaanc  with  the  original  assinspclon  that 

of  RTf  on  solid  substrates  [20,21],  eaission  of  phosphorescence  froa 

froa  soae  uncharged  spades  such  as  sulfagusnidlne  end  5*aeecyl-urecil. 
According  CO  the  authors  [32J,  this  anoaaly  was  indicative  Chat  binding 
forces  ocher  then  ionic  intersctlons  were  involved  In  Che  induction  of 
5SRTP,  Hydrogen  bonding  between  Che  phoephot  end  the  hydroxyl  groups  of 

evoid  radiationless  desetivetion  of  the  triplet  state  [32]. 

In  order  to  further  Investigate  the  nature  of  the  suppotc-phosphot 
Interecclon  which  reaulca  in  the  observeclon  of  RTP,  Sehulaan  and  Parker 
[33]  studied  Che  phosphorascence  signal  of  4>biphenylcatboxylata  and 
sodlua  l-naphthoate  at  room  taaperacure.  The  analytes  were  spotted  on 


hydroxyl  groups  such  as  pspsr,  siMross,  scsreh,  snd  50%  SUP 
fiber  • SCI  pspsr  blend.  No  spprsclsble  pbospharescencs, 

SUP  poLyechylsns  fiber,  boroelllcsce  glees  fiber,  peper,  i 
scesl.  In  eddlclon,  s reducclon  of  9S|  in  Incensicy  was  noted  when  the 

the  iiBBsrelon  of  the  filter  peper  in  dinathyldiohlorosilsne,  renoved  nest 
coobined  with  tbs  necessity  of  s support  rich  in  hydroxyl  groups  strongly 

sodluB  acecete  (NAOAc)  13d|.  The  node  of  edsorption  of  PASA  on  the 
euhecrate  wee  then  invastiisced  by  Infrared  (IBJ  spectroscopy  [35t,  By 

by  the  broad  nethyl  eereteh  band  of  NaOAc  at  3000  cn*^  [35],  Additional 


The  aiulycee  were  spotted  from  neucrsl,  ecidlc  and  basic  solutions  onto 
signal  Intensities.  Their  IR  spectre  confitved  Che  forDstion  of  hydrogen 
bonds  with  Che  adsorbent  |39,d2|,  suggesting  Chet  ocher  ■sohanistes  chan 


for  Che  specific  ease  of  eonpounds  adsorbs 
cadlacionless  deacclvecion  of  che  criplec  scace  are  restricted,  che 


subscracB  in  increasing  order  fron  propanol  to  wacer.  It  vas  observed 


pramocad  auch  higher 


Alchough  a graac  daal  of  affocc  haa  been  focuaaad  on  undaracanding 
phoaphoraacanca  on  aoUd  aubacrarea,  1C  baa  noc  yac  baan  poaalbla  yac  co 

condleiona  for  SSRTP  dacacrion  haa  boon  baaad  on  Inforeaclon  obcalnad  froB 
pravloua  analyaia.  If  data  aca  noc  available  In  cba  llcacacuce,  Che 

aljaple  Co  acquire.  SlBpllclcy  of  experlDoncal  procedure,  aanalclvicy, 

have  cumad  cba  cachnlqua  Inco  an  accracclve  cool  for  Che  analyala  cf 
coapounda  of  dlveralfled  inceraac  (7,44^ 


ellalnaced  by  Inceracclona 


ground  acaco  of  oxygan)  with  a nolecula  in  an  excited  triplet  state 
production  of  excited  einglec-scate  oxygen  [7| . Although  the  presence  of 

reduction  of  approxinately  3De  in  emission  intensity  was  noted  whe 
oeasured  under  dry  air  ware  compared  to  those  obtained  under  nitrogen  o 


orbed  on  silica  gel  and  filter  paper  [47], 
' filter  paper.  According  to  the  authors  [47] . 


and  cherefora  haa  nora  surface 
CHiCOOMa,  I 


a gel  1: 


cadlaciDnlase  daacc 


draaaclcally  a; 


Influence  of  oxygen  ccaiiapocc  into 

led  by  cha  preaance  of  succoee,  bur  che  efface  of  ocher 
ced  chac  che  added  aubscancea  could  be  plugging  up  che 

ilblc  specific  Incemal  mociona  reaponalbla  for 
by  Niday  and  SayboLd  (PS]  was  obcained  when  RTI> 


ygen  Inco  che  violnicy  of  ct 


fsclllcacing  che  crsnsporc  of 


3.361 


Besides  faellicecing  che  inceracclon  bei 


ive  been  employed  In  che  drying  seep  [4] . One  of  che  dosc  coesmon 


ganflrally 


subs  trace. 


Becveen  3 and  5 ainuces  ace  required  co  dry  filter  paper  saaplea,  and  the 
drying  ceapecature  can  be  set  by  ad^uicing  the  distance  betwaen  the  sasple 

easily  avoided  by  paselng  a gentle  flow  of  dry  nitrogen  or  dry  argon 
through  Che  saople  cotapartnenc  of  Che  spaocrophoaphociisecer.  The  inert 
gas  is  usually  dried  by  passing  it  through  one  or  two  drying  cartridges 


The  sensiclvlcy  of  an  analytical  oecbod  is  usually  evaluated  in 
censB  of  Hale  of  detection  (LOD).  The  value  of  the  LOS  is  dlreccly 
related  Co  Che  saalleet  aeasure  chat  can  be  deCeceed  with  reasonable 
cercalncy  [49] . According  to  the  International  Union  of  Pure  and  Applied 
Cheaistry  (lUPAC).  the  sDallesc  discernabla  signal  (xr>  is  given  by  the 


le  confidence  level  desired  [49).  FroD  equation  14,  1 


signals  of  anolycieal  blanks.  Therafora,  in  order  to  obtain  Che  highest 
detection  power  with  a spsciflc  analyclcal  aethod,  it  is  convenient  Co 


blank  signals  ace  obtained  by  aaasuring 


[n  nose  dSRTP  dateminationa , 


phosphorescence  background  is  usually  given  by  Che  solid  substrate.  As 
with  other  analyclcal  nechoda,  low  SSftTP  detection  linita  are  obtained 

searched  Co  find  a substrate  with  low  phosphorescence  t 


and  dSO  no,  which  Is  che  spBCCCal  cagion  whare  aosc  coapounda 

Low  cofic,  alapUcicy  of  handling,  and  avallabilicy  of  a vlda  aaleccion  of 

CO  Ics  uaa  in  SSBT?.  Senslclvlcy  Co  oaygan  and  aoiscura,  nonunlfornicy  in 
a reproduciblUcy  and  aenalclvlcy  of 

Ilnlca  che  aenalclvlcy  of  5SRTP  |50],  Lignin,  healcelluLoae , oc  even 

workaca  E^O-Sl],  The  aoac  slgnlflcanc  redueclons.  however,  were  ohcalned 
c Irradlaclon  creacnanca  [51,30],  KcALaese  and  Dunlap  (53) 


ulcrsvlolet  t 
creacDfioc  vas  caxrtAd  ouc  in  a phocochenical  r« 


laaw  Atea  iffact 


axcendfld  chfl  U9a  □£  lodtda  aa  an  excamal  heavy>i 


bud  also  by  Incraaslng  ct 


P !55).  Thay 


phosphorescence  Incenslcies  of  neucral  solutions  of  pheosnchcene  and 
pyrene,  for  chess  cvo  phosphors,  LOD  In  che  nanograis  level  were  obcalned, 

Ihe  effecc  of  a vaclaey  of  heavy-acon  sales  on  Che  RTF  signal  of  clnoxleln 
was  Iscer  rapocced  by  Jafcovljevio  [58|.  Soluclons  of  sales  of  challluB, 

prior  Co  clnoxleln  deposlclon.  After  drying  Che  aubscrece  for  lO'lS 
seconds  wlch  an  air  blower  ac  rooB  ceaperacuce,  one  olcrollcar  of  analyce 

cecraacecsce,  challous  fluoride  and  challous  aoecace.  By  esploylng  a 0.51 

• 0.1  pg  were  obcalned.  Lead  (II)  and  cbslliua  (I)  were  also  enployed  Co 

Uie-fen  and  Vlnefordner  |46|  selecced  A^O,,  Fb(H0,)j.  HgCl,,  HgCNO,),,  and 

of  chrysene,  coronene,  1 , 2,5,d.dlbenzanchracena,  fluoranchrena,  and  py* 
cans.  Of  Che  heavy  ions,  challlun  (I)  seened  co  be  che  greacesc  enhancer 
of  RTP  signals  for  all  PAHs  wlch  che  crend  being  II*  > Ag*  > Pb=*  > Hg’*. 

challluffl  <1]  sale,  hoc  only  che  sanslclvicy  bu 


separaclon.  The  new  approach, 
aeob  percurbaclon  (SEHAPl,  ^ 


■o  che  selecclvlcy  of 

dlfferenc  heavy*acoB 
res  wlchouc  previous 


quAnclcacive  analysis  of  aaveral  nix-tuies  Cup  Co  seven  conpounda)  of 

loporcance.  Anong  Che  heavy>acoa  sales  ceaced.  Che  higheac  RTF 
enhanceoencs  uece  obcalned  ulch  AgNO,,  Cal,  Nal.  NaSc,  PbCCHjCHiO,):  and 

signal  of  analyte  soluclona  ac  sevecal  heavy*acoB  eonoencraclons.  Three 


Insufflclenc  Co  Induce  slgnlflcanc  phosphocescenee  enhancemenc;  ac  Dedlua 
concencraclons  Ceu>re  chan  10'^  Kj,  RTF  Ineroaaed  ulch  heavy-acos 
eoneonersclons : ac  high  coocenccoclons , sose  aacucaclon  effects  occurred, 

Che  absoLuce  concancraclon  of  heavy  acoos  buc  also  upon  che  relative  cade 
corresponded  Co  the  bssIsub  RTF  enhanceiaenc,  was  achieved  ac  high  heavy* 

concencrsclon  range,  analyce  concencraclons  lover  chan  10"*  H could  be 
aeasured  co  saclsfy  che  requireoenc  for  sacuracion.  This  face,  however, 

RTF  measure-Benca  deal  wlch  sample  soluclons  wlchln  10"*  • 10*'  M ranges. 
The  hlghesc  phosphorescence  anhaneeaencs  were  obcalned  wlch  0.5  K AgROi, 


0.2  M Cal,  2 H Nat,  2 H NaSr.  0.5  M Pb(CH,CHjOs) , and  2 M LICIO,.  By 
aelocclng  che  appro*prlace  cooblnaclon  of  heavy-acorn  soluclon  and 
axclcaclon  wavalongchs,  che  auchors  [5F|  ware  able  co  perform  che  anolysls 
of  specific  cargec  corn-pounds  wlch  pssecleslly  no  Incerfereiice  from  che 


I,  Jhowlnj  UiB  pocentlAl  of  SQIA?  as  a ui 
ic  prevlaua  aeparacion. 

heavy  acoa  efface  hoa  also  bean  appUad  Co  cha  S 
several  pharuceucical  coapounds  [60‘$2|,  pcecldlnaa  [63[,  Indolas  [64], 

aucceeafully  laprovad  che  aen-eiclvicy  of  the  eaehnique  allowing  a LOD  Co 

aucfeecanca  on  5SRTP.  They  acudlad  eba  affeccs  of  challlua  and  silver 
nicraca,  challlua  and  ailvar  dodecyl  aulfacas  (TIDS , AgDS),  pocasalua 

used.  Alchough  cha  NaDS  Bolacule  does  noc  concaln  a heavy-acoe,  a 1'6- 
fold  anhanceaanc  fsccor  vsa  observed.  According  Co  DeLlaa  ec  al.  [68], 

of  Incaracclon  for  cha  phosphor  resulclng  In  increased  rlgldicy  of  cha 

ulch  chair  corresponding  nicraca  sales  shoved  Increased  Incensicy  in  che 

sales  on  cha  spocclng  solaclon  had  a Barked  affecc  on  cbe  Incensicy  of  che 
phosphorescanca;  when  che  eoncencraclons  of  AgDS  and  TIDS  vara  Increased 


Beasurlng  procedusea  were  repeaced  ( 


cacbaryl  aficlBateb,  A Alnllac  increase  of  silvsj 
produced  ce.  L.2*fold  increase  in  the  incensicy.  AC  0. 

Che  nec  phosphorescence  signals  in  Che  presence  of  td 
were  higher  by  a factor  of  7.0  end  9.5  for  sliver  and  challiuis. 
respectively.  In  order  Co  obtain  a beccar  understanding  of  the  reasons 

analysis  of  Che  saieple  was  parfonoed.  The  XFS  data  revealed  chat  both 
retained  on  the  surface  of  the  paper  than  chair 

Che  heavy-acoa  enhancer  ac  cbe  surface  of  Che 
facllicaced  Che  interaction  becween  heavy-acoma 
Since  Che  long  hydrocarbon  chains  of  cbe 
ne  penecration  of  phosphor  eolecules  into  Che 


TIDS  and  AgDS  uere  beccer 

indicative  char  the  obs 
increased  availability  of 

surfacranc  could  avoid  c 


enhanceDenca  could  be  obtained  i] 
with  AgOS  or  TIDS  was  utilised.  I 


is  EUjbos  et  al,  [69]  to  the  analysis  of  several  FAHs  and 

nonpolar  coapounds  was  studied  by  employing  o-cerphenyl  as  a model 
compound.  Sodium  dodecyl  eulface  <SDS)  and  sodium  decyl  sulfate  (SdS) 
were  selected  as  anionic  surfaccancs,  Srij  35  was  the  nonlonic  species  and 


spotting,  on  filter  papa 


analyea  dlaappeared  conplacaly.  Af  a paaalbla 
affinicy  between  Che  analyca  and  Che  nonpolar  aucfaccanc  calls  Increased 

could  aid  Che  Blgraclon  of  such  speclea  inalde  Che  aubniccoacopie  pores  of 
reduce  cadlaclenLess  deacclvacion  of  Che  cclplec  ecaca.  By  using  a 2k  SOS 

n ijeproveDenc  factor  of  2-LD  X was  verified.  LCD  la  cha 
Laval  were  also  obcainsd  for  PABA  and  phenochlacine 

A ■icellac  solution  of  challiuja  lauryl  sulfate  (TILS)  waa  asployad  In  che 
SSRTP  analysis  of  anchrecena  [7If  and  several  PAHa  [72f.  The  TILS 

bach  oasas  [71.72|,  Ic  was  observed  chec  cha  hlgheac  BTP 
ra  obcelned  with  TILS  concencrecions  ranging  from  0.016  Co 

c crsce  analysis  of  different  binds  of  PAba. 


Introduction 

coaperAcuro  phodphorasconcB,  the  individual  aaopling  procedura  which  ia 
uaually  uaad  to  parfcra  SSRTP  anaiysia  ia  cine  conaunlng,  and  cherafora, 
Inconvanlanc  for  applicaclona  vhare  nuaeroua  aaaplea  ace  handled 

daceoclon  of  phosphocaBcance . A lahocacory-conscrucced  cocatlng  aiccoc 
aaaeably  was  eaployed  to  allainate  tha  incacfecence  of  fluocaacenee 

lha  excitation  light  heaa  froD  Che  excitation  Bonochroitacor  was  tafleceed 
by  the  nlrcor  onto  the  surface  of  the  aubscrace,  which  coved  horizontally 

eaicted  ftoa  the  saopla  was  reflected  to  the  detection  systen.  Since 
fluorescence  lifecimea  <10'*  10*‘  s>  are  much  shorcet  chan 

phosphoreaeanCB  Ufetimas  <10*’  10  a),  the  possible  eoission  of 

1 light  was  greatly  reduced  by  inserting  the 


accorcUnce  to  tho  hlghaat  slsnal-co-backgraund  ratio  proserLted  for  each 

syacen  vaa  ■odlfiad  by  Yen-Bowat  and  Uinafordnac  [73t<  The  new  drying 
the  Aainco'Bowman  epaccrofluorlBetar.  A new  filter  paper  guide,  which  was 

interval  between  the  excitation  pulee  and  the  detection  was  set  at  0.2  bi  . 
PABA  In  1 K NaOH  • IH  Nal . Although  considerable  reduction  of  analysis 


n obtAlnad  by  rocaclng  Che  cylindrical  filcer  paper 


guide  incc  cha  aaaple  coDpaccnenc  o£  Che  inacruaenc. 

This  acudy  CDOcema  Che  develepeenc  cf  a new  axpeciaencal  cyscaa  for 

deacribed  ayaceea  [45,73|  have  been  ellainaced.  Saaple  and  heavy*acoD 

Baally  caken,  reducing  cha  eaapllng  clme  usually  required  for  SSKTP 
analysis.  Coaparable  il5D  and  LOD  co  chose  previously  reported  [43,73] 


The  RTF  spectra  and  incensicy  Deasureaencs  were  eolleccad  wich  a 
Perklo-Eliaer  LS-3  luaineacenca  speccrofluocieecer  (Perkln'Rlner,  Norwalk, 
CT)  incerfaeed  co  a nodal  CLS*36&0  daca  acacion.  A siitple  diagrae  of  Che 
dacecclon  unlc  la  depicced  in  Figure  3*1  [74] . This  spectronecec  measures 

continuous  scan  over  Che  selacced  wavelangch  range  (230-800  nm)  of 
Inceresc  or  ac  praselacced  poincs  wlchln  the  range.  The  source  is  a 
pulsed  xenon  flash  tube  char  is  of  high  incensicy,  shore  duration,  and 

energy  are  diffraccad  by  cha  gracing,  and  a portion  la  passed  co  the  bear 
splitter.  At  Che  beam  spUccer,  a sisall  Cracclon  of  Che  energy  li 


i eoapensacor  conpensaces  f 


Sp«ecrofluorlvecer. 


REF  PHT,  rafarence  pbocooulclpllar  ruba 
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varying  refleecivity  of  cha  bean  apLltcer.  The  rhodanine  dya  abaor 

raferenca  photoauLclpLiar  dececror  (PifT} . The  najor  pardon  of  c 
axclcatlon  bean  is  focussed  by  Che  alrrors  onco  cha  encrajica  alic  of  c 
SDlssion  aonochronacor  (960  lines  pec  sea  gracing).  A narrow  band 

varladens  in  Che  Incenslcy  of  cha  source  wich  respacc  co  wavelengcb.  T 
corresponding  oucpucs  con  be  read  fron  a princer  (dlglcal)  and  reeordor  oi 


ac  5 and  10  nn.  respeccivaly.  The  original  sample  holder  of  cha 

Che  filcer  paper  scrip  for  maxlBum  RTF  signal  could  be  oprlnlzed  by 

Two  dlffarenc  ways  of  spraying  soludons  on  cha  filcer  papec  scrip 
were  ceaced  for  base  resulcs.  In  Che  original  design,  which  can  be  seen 


s||s 

II  “s 


3|3| 


s, 


The  drying  unit  conelsced  of  at 

encerad  the  decactlen  unlc,  and  a Technlcon  AucoAnalyzer  concinuauB  fllce 

paper  chrough  cha  saisple  coDpartDenc.  Hetalllc  rollers  Locaced  1 
approprlace  positions  (see  rigure  3*3)  helped  the  filter  paper  to  ru 

The  second  approach  Is  a oodlflcstlon  of  the  original  design  an 

dlagraa  of  the  design  can  be  seen  In  figure  3'4.  Prior  to  dapos 
snalyte  solutions  on  the  suhstrece,  Che  hesvyacoa  aolutlons  ue 


Hllwauhae,  UI>  were  reagent  grade  and  used  as  received.  Thalllua  nitrate 
(TlNOjJ  was  obtained  from  Halllnkrodt  (St.  Louis,  HOJ , and  sodlua  lauzyl 
aulfats  (purity  of  971)  vee  purchased  fron  Signs  Chenlcal  Co.  (St.  Louis. 

Procedures.  Sliver  nitrate  (AgNOj]  was  purchased  fron  Agent  CheBical 


Aldrich  Chamleal  Cd. , IHllvAukaa,  UI] , and  Uad  (II)  acacace  (FbOAe)  fees 
Allied  Cheaieal  (Horriacovn,  NJ).  Abaoluce  achanol  (Florida  Diacillers 

2043-A  fllcar  paper  (Schleicher  and  Sehuell,  Keene,  NH>  were  obcained  as 
Procedures 


fhlce  pracipicace,  TILS.  The  precipicace  was  collected 
ir  2A  h.  TILS  was  chan  recryscailized  frem  water. 


after  10  h,  iaolated 


yield  of  coloclesB  crystalline  product  was  obtained. 
Preearaclon  cf  Saluclons  A oixcure  of  echsnol/water 


Since  Che  lan^ch  of  che 


irradiated 


UAvalengchs  of  aach  analyce.  The  background  eigoel  wee  obralnad  by 
oeaeuring  Eha  RTF  inceoalcy  of  Che  filcec  paper  apcayed  vich  Che  heevy- 

kutoaacle  Svecan  EMlevlna  Tuo  goncencrlc  Hebullcera 

Preoaratlan  ef  Solutiena.  A llxcura  of  achanol/wacec  SQ:SO  v/v  uaa  uaad 
CO  prepare  1 H Hal,  0,5  K FbOAc,  and  0,1  K TlOAc  seluclone;  all  analyce 
aoluclooe  were  prepared  in  absoluce  ethanol  by  aerial  dilution  of  500 

praviouBly  deaccibad  for  Che  one  nebuliser  eysceo  waa  Chen  eeployad 
Raaulca  and  Diacuaeion 


acoaic  abfiorpcion  nebulizer 
However,  clogging  of  the  nebulizer 


sbserved  which  affected  the 
problem  was  a reaulc  of  che 


2 dacAdai,  and  cha  alopaa  af  cha  lag-lag  callbraclan  ploca  warn  all  clasa 
Co  unity,  with  excallanc  correlation  eoafficlants.  The  abaolute  detection 
Lialta  uare  caLculated  under  the  easuaption  Chat  cha  amount  of  apray  being 

Che  length  of  the  Irradiated  area  In  Che  sample  eompascaenc.  Possible 
solution  losses  vere  not  taken  Into  consideration,  cha  assumption  being 

the  method  for  all  the  snalyces  use  less  than  71,  which  was  acaclsclcally 


tneans  tp  achieva  cha  raquicad  varsacillcy,  a cancencric  nabullzar  for  cha 
dapaalrion  of  heavy^acon  aoLuclana  vaa  caacad.  Tha  oora  hoEBoganeous  pacha 
producad  by  cha  concancrlc  nabuUzec  on  Che  filcac  papac  aerlpa  enaouragad 
ua  Co  uclllsa  a aliailac  one  Co  spray  cha  analyca  soLuciona,  replacing  Che 
BCoiaic  abaorpcion  nabulizar  epployad  in  cha  original  ayacaa.  An  Infrared 
lamp  placed  bacween  cha  cwo  nebulizers  avoided  cha  rasulca  of  nacesslcy 
cha  analyce  aoluciona  on  vac  suhacrace,  rearrlccing  Che  possible  Increase 
The  varsacillcy 

, and  O.IH  TlOAc)  which  are  cousonly  used  In 
•E>BA>,  phenanchrene, 

calculaced  conaldering  chac  6 pL  of 


Level  [AS.S6.S9I.  Table  3- 
langch  of  Che  Irradlacad  ai 


:o  eonaldaraclon,  assualng  cl 


orders  of  magnlcude. 

precisian  of  Che  pachod  ranged  fro 
usually  obsarvad  for  RTF  analysis 


Che  enalyces  showed  cellbcacion  curves  wlch  LOR 


[43, 73],  Che  soLuclons  wee 


[43,73]  were  elimlnaced.  In  i 
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subsciace  wUh  cl 


of  cfae  speccrofluorLiBCar.  The  opciam  posicion  for  DoxiouiB  RTP  Incaiulcy 
was  easiLy  obcained  by  sliding  Che  veccical  block  of  che  sample  holder  co 

suhacraCB.  Tba  verclcal  block  poalclon  and  cha  ralaclva  poalclons  of  boob 

were  eaally  caken  In  less  chan  one  nlnuce,  aiid  sin  poinc  callbraclon 
curves  were  obcalned  In  approxinacely  two  hours  of  analysis  clee. 
Clogging  problens  wlch  heavy-acon  soluclons  vere  solved  by  esploylng  che 

needed  CO  perforB  rapid  SSPTP  analyses.  Conparsble  EL$D  and  LOD  co  chose 

analyclcal  cechnlque  for  routine  analysis.  In  addition,  che  successful 
perfonsance  of  che  cwo  nebullrer  syscea  luggesced  che  posslbllicy  of  using 

connecclng  cube.  The  use  of  a dlfferenc  nebullcer  for  haavy<acoB 

coaparlblllcy  probLens  wlch  che  aoblle  phase  enployed  for  saperaclon. 


:U  PERFOUlAliCe  LI 


D CHK0IUT0CKA7HY 


mixcura,  rh«  axcitacion  aad/or  aolssion  spaccrum  of  Che  sanple  can  be 
dicecEly  uead  for  dececclon  purpoaea  [34,61].  Von  Wandruealra  and 

apaciflc  for  PAfiA,  chac  Che  cabled  excracc  exhlblced  BTF  axcicaclon  and 
emiaaion  apeecra  idanclcal  co  choae  of  puce  PAfiA  aajaplea.  bacah  and 

eelecclvicy  vaa  achieved  becauae  no  conpound  ocher  chan  rha  acciva 
overcoae  chle  pcoblev  [39,73,76],  SaLecclve  a 


/or  cverLappinB  of 
e characcarlZBClon 


result  of  using  s proferly  selected  heavy-ecoa  enhancer  <leed  UI> 

dlffareneas  In  RTP  loduclng  Incerecclons  betvaan  phosphors  and  subscrares 

characcerlacicB  of  various  pescieldes  showed  the  possibility  of 
deteraining  naphchaleneacecamide  and  l.O-dlBechoxybanaaldehyds  in  the 
presence  of  L,2-dlphanyIhydrarine , and  1-  and  2*  naphthoic  acid  without 

in  mixtures  spotted  on  the  same  kind  of  filter  paper  but  in  the  presence 
of  chloride  Ion.  The  single  decetBinstion  of  the  other  insecticides, 

substracas.  A synchronous  phosphorescence  spec 
Oecween  the  lowest  singlet  and  lowest  triplet  state  (dsT^  ^ given 


ca  speccral  overlapping.  The  cechnique  war  enployed  Co  faclllcaca  Che 
dlfferanclaclon  becween  dlbanaanchracene  (DbA)  laonecs  I,2,3,4>DBA  and 
1.2 ,5 ,6-DBA) , which  la  Bade  difficult  by  speccral  overlapping  in 

binary  nixcure  containing  I0*fold  in  excess  of  1,2,3,4-PBA.  showing  Che 

procedure  of  dl  values  for  conpounds  of  inceresc.  Fucure  work  needs  Co  be 
done  in  this  area  co  extend  ice  appllcscioo  co  the  wide  variacy  of 

(PC)  CO  separate  eyncheclc  aixcures  of  l.&'naphchyridine  and  sone  of  ics 
derivatives.  The  separations  were  perfocBed  on  filter  paper  strips  which 
were  driven  into  the  saraple  coapercaenc  of  Che  speccrof luorinecer  by  means 

subetrace  curns  PC>SSRTP  or  TLC-5SRTP  coablnaciona  into  relacively  simple 


and  useful  cools  for  analytical  purposes. 

SSRTP  has  also  bean  essociaced  with  HPLC  (4.78).  nicer  paper  discs 
were  uciliced  by  Vo*E>inh  and  Kiromoco  [4)  co  quantitatively  decemine 


cha  aucauclon  of  SSRTP,  Is  opcLilzad  as  a selecclva  dai:accar  for  HPLC. 
as  a prallBlnasy  scap  for  cha  usa  of  cha  aucoaaced  deviea  in  a fLovloR 

conrinuoiia  sajspla  Introducclon  approach,  rhraa  well  known  phoaphocascanc 

aucosacad  ayacaa  in  a eonclnuoua  code.  The  pacformanca  of  cha  SSRTP 

chconacographlc  paraaacars  and  cha  hfOH  of  five  eoapounds  obcalnad  with 

varsaolLicy  and  aaleccivicy  df  cha  SSRT 
idancifying  ovarlappad  conpounda  either  fcon  cha  SSRTP  chroaacogram  a 


FIA  ayscen  uaad  as  a concinuous  saaple  Lnccoducclon  dovioa.  A rabble 

syringe  puap  (Saga  Inacrwaenca  Inc.,  tfhica  Plains,  NY)  were  used  co 
reapecciveiy  dIx  cha  solvanc  and  cha  analyte  solution  ac  dlffaranc 
concencracion  racioa.  A Teflon  css  (Eainin  licacrcuaenc  Co.,  Voburn.  MA) 
was  Bisployed  as  nixing  chaabar  and  Teflon  cubing  CO.S  nns  i.d.)  was  used  Co 
make  all  connecclons.  A Seckman  ousdei  1S3  UV  dececcor  (2SA  na)  placed 
prior  CO  Che  analyte  nebulisar  parmlcced  monlcorlng  of  cha  concencracion 

perform  all  phosphacescenc  aeasuramancs  under  a flow  of  dry  nicrogen.  The 
id  amission  sllcs  were  sec  co  S nm  and  10  nn,  raspecclvaiy. 


Irlch  Chemical  Co.,  (Hilwaukee. 


faacman  Kodak 


Absolute  echAnol  (Plorlds  Dlacillsra  Co. , Lake  Alfred,  FL)  and  "nanopura" 
damLneralLzed  water,  Aamsted  Sybron  Corp,  (Boston,  HA)  were  used  as 
soLveocs  to  prepare  the  solutions.  5 A S 2043>A  filter  paper  (Boblaicher 


filter  paper  at  a flow  rate  adjusted  to  deliver  approxijsstely  1 
solution  par  cn^  of  s^^atrara  (20  ou/iain  filter  paper  speed). 

By  keeping  the  flow  rate  of  ethanol  (0.0) 


le  substrate  (10  pL/ca^) . 100  pg/aL  and  500  pg/aL  stock  analyte 
re  eaployed  for  the  lower  (2.5>28.25  pg/nL)  and  upper  part  of 
es,  respectively.  Table  6-1  Hats  the  different 
syringe  pump  flow  ratse  used  with  the  FIA  systen,  the  total  flow  race,  the 

intensity  as  a function  of  sonpLlng  tiae.  A total  eaapllng  tlaa  of  80  s 

through  the  senple  ooapartaent  of  the  spectrofluoriaeter,  the  excitation 

Considering  the  filter  paper  spaed,  80  s of  sanpllng  time  allowed  the 
registering  the  phosphorescent  intensity  of  2B  ea  of  sprayed  substrate. 
Since  the  length  of  Irradiated  area  was  approxlaately  1 ca,  the  equivalent 
of  28  different  saaplea  were  neasured  during  that  period  of  tine.  The 


aiissii 


In  cha  enhancaBBuc  of 


Che  phosohorescenc  enisslons  of  poLyaroaeclc 


ploccBd  in  Che  cellbcacion  curves  is 
csLculaced  fcon  Che  values  Listed  in 


Inch  phoBphorescenc  incensicy 


Che  fonsula  p - (s,„ 
ies  of  sppcoxinacaly  2 orders  of 


tha  aaoagcaiB  raiiBe  which  ecaparoB  favorably  with  Che  ones  repoccad  In  che 
llceracura  [b]  and  with  chose  obcained  by  acoppln^  che  fllcer  paper  ac  chi 
a (saa  Chapcar  3],  Tha  precision  of  che  oechod,  bowavoc, 

offasod  an  anvironiaenc  for  a highly  reproducible  Blalng  of 
cOBponanca  where  olcrovolusaa  ware  convanlencly  Banlpulacad  and  aacared 

1 when  a batch  procedure  was  employed  Co  prepare  che  aoluclona  sprayed 
onco  che  subscrace  (S.2  - d.bl).  Several  reasons  can  be  given  for  che 
higher  varlaclons  observed.  Since  In  che  actual  procedure  che 

llalcsclons  of  che  parlacalclc  puap  employed,  soaller  volumes  chan  10 
on  of  large  volumes  (>S  pL)  on  fllcer  paper  oac  cause  che 

cemslned  tha  same  as  che  one  used  In  Chapcer  3,  could  lead  co  greater 


of  che  aechod  is  mainly  related  to  phenomena  occurring  ac  che  surface  of 
use  of  a diffaranc  parlacalclc  pump  which  would  allow  che  deposiclon  of 


C.  «MlviiiEicr«rlMnLml 

1TI» trumencatien.  Th«  HPLC  syacta  eoniiited  of  an  f 

Dodificaclono . The  eluenc  fron  Che  chcoBocagcapblc  ooLujin  was  epcayod 

tea  Che  exic  of  Che  UV  dececcor  cell  Co  Che  analyce  nebulizer  of  Che 

aucoaaclc  eyecea.  The  Teflon  cube  vae  kepc  aa  shore  as  possible  (<1S  ca] 

under  a flow  of  dry  nicrogeo  wich  a delay  ciae  of  0.01  na  and  a pace  cine 

were  sec  Co  10  nm  and  S na,  respecclvely. 

Reaaencs.  All  chealcsla  were  snalyeleal*reapenc  grade  and  were  used 

<T10Ac)  were  obcained  froa  Aldrich  Cheaical  Co.  HPLC  grade  aachanol 
(Fischer  Scienclfie  Co.)  and  "nanopure"  deainerallzed  wacer  (Earnsced 
Sybron  Corp.)  were  used  chrou^ouc.  S & S 1043. A fflcar  paper  (Schleicher 
and  Schuell)  was  obcained  as  a 2.3  ca  wide  X 24  a Long  filcer  paper  roll 
and  was  ucilised  as  a aubacrace.  Kechanol/uacer  soLucion  of  diffarene 
voluae  racios  were  eaployed  aa  eolvencs  Co  prepare  200  ug/aL  acock 

fluoranchene  <70:30  v/v)  . The  aase  ness  of  benzo  [ e ] pyrene  u. 


ood«  with  Che  use  of  e klnecie  progrsa  which  pcraiccefl  pLccclng  Che 
phosphocescenc  iocenslcy  es  s function  of  ciae.  While  Che  desired  section 

specccofluociaecec,  Che  excicecion  sllc  was  opened  and  Che  STP  eaission  ac 
Che  selected  eacicacion  and  eeiaalon  vevelengcha  was  caglscared.  The 

ehcosacogsephie  coluan  and  a data  Interval  of  0,2  a was  kept  conscant 


spacccofluoriaecar.  Since  Che  dee  spent  foe  Che  effluent  to  go  fcoa 
UV  detector  to  Che  analyte  nebuliter  was  negligible  for  all  the  flow  re 
tested,  the  sane  delay  ciae  was  observed  for  all  Che  axpecinencs. 

teapecc  Co  Che  observed  values  (330  e), 

gesules  and  Discussion 


percieularly  efficient  In  t 


wsvelengchs  selected  Cook  Into  consideracion  Che  relative  phosphorescent 


ili 

M 

!gl 


surprising.  Cacbuols,  whose  ocher  rvsffle  is  dibenzopycrole.  is  on  sail 
affinity  induces  a peak  calling  and  low  efficiency.  The  relatively  l« 


broadening  produced  by  che  conneccing  cubing,  nebuliser  and  noving  paper 


did  HOC  produce  excessive  band  broadening.  Since  che  mobile  phase  and  che 

solucos  were  crapped  inco  che  cellulose  fibers  of  che  paper  which 
rescrained  choir  nobilicies.  By  reducing  che  UV-SSBTP  connecting  cubing 
(Id  uL)  and  using  a nlcronebuUcer,  ic  should  be  possible  co  ainimize  che 


chanjBS.  phosphorBscenc  Incenaicy  vai  very  dependenc  on  cbe  Clov  race 

of  Che  mobile  phaaa , Fi^ra  4-3  ahova  the  chcoaacogcaphic  SSRTP  reaponaa 


apcloum  flov  race  for  maaiiaujB  BTP  aignal  and  eherefore  far  hlgheac 
sanaiElvicy.  Several  pareaecera  celeced  ca  che  flow  race  vaclaclon  could 

filcer  paper  speed,  che  amounc  of  analyce  depoaiced  pec  surface  area  of 

iBlnuce,  che  corresponding  paper  Lengch  on  which  che  analyce  would  be 

depoaiced  on  a shorcer  lengch  of  subscrsce,  Ic  would  be  reasonable  Co 
expacc  higher  phoapborascenc  signals  ac  high  flow  races.  However,  by 
increasing  che  flow  race  of  che  mohlle  phsse,  a larger  volume  of  advene 

Rape  conacanc,  che  drying  cine  remained  che  sane  and  could  be  inaufficienc 
for  compleca  drying  of  che  solvenc.  If  chla  was  che  ease,  noiacure  could 

In  addicion,  che  increase  in  che  flew  race  was  followed  by  an  increase  in 

speccrofluerimecer  was  kepc  conscanc,  a possible  diffusion  of  che  analyce 

decrease  observed  in  che  phosphorescence  incensictes.  Wlch  che  excepcion 

of  shore  analysis  cine,  0,443  mL/min  was  chosen  as  che  epeimum  mobile 
phase  flow  race,  reaulclng  in  a cocal  analysie  time  of  approximacely  17 


•xparlAaneal  eoadirlans  far  naxioun  SSRTP  aansLrlvlcy  and  raproducibilicy. 
The  KPLC  eyedea  waa  nac  opcioisetl  fat  UV>absorpclan  dececcian.  The  Unics 
of  dacecclon  and  Che  repcodudibLllcloa  of  Doaaureaoncs  obcalnod  vich  Che 

chase  hinda  of  devleea  ace  used  for  HPLC  analysis.  Vhen  measurad  by 

Co  unlcy  and  eaclsfaccary  carte lacion  coefflciencs  ware  obceined  vich  both 
eysceme.  The  lialcs  a£  dececcion  olch  Che  UV  daceccoc  veto  calculaced 
froo  Che  equation  dL-3/S(Ip.p/a)  where  Ip.,  is  Che  peak-co.peak  backpcound 


a [d«I.  ■ 


area  of  suhscrace  on  which  Che  anal; 
decBCCiaa  syscsDa,  carbazoLe,  phenancl 

pbosphoceecenee  signal  ptesenced  for  ci 


le  relative  scandard  davlacions 


and  non*absorbinp  apeciee,  chey  lack  vorsacillcy  and  seleccivlcy  for  che 
chcoaatographle  calucm  has  co  be  eicher  cotspLace  or  parfocaad  in  such  a 


wich  Dobile  phdsa  flaw  race.  Mobile  pbaee:  oechanol.  Sample 


wbicb  rejctlcu  Che  eeoeiclvicy  of  K?LC. 

decBocloD  wavelengch  for  a single  eoopound  la  ofcen  difficult  Cue  Eo  Che 
a way  chac  nelcher  aaclcaclan  nee  ealsslan  wsvelengcha  can  be  aelecced  Co 

The  ehronacographic  paraBecers  of  fluoranthene  are  Hated  In  Table  e-3. 

resolution  uas  noc  achieved  by  using  pure  nechanol  as  Che  noblle  phase. 

these  eaperldencal  conditions,  the  exaaple  is  useful  co  llluacrace  the 
selectivity  of  Che  SSBTP  dececcor.  By  exciting  ec  343  ms  and  registering 

phoaphoceacenoe  of  pyrene  was  no  longer  reglaeered  (Figure  4*6).  and  the 
pyrene  In  Che  chcoaacogcajB.  Purcher  Idenclflcaclon  of  fluoranthene  was 


figure  u-7).  Hie  epeccrel  Idencificecion  of  pyrene  wee  done  in  e siioiler 


subsCreCB.  By  stopping  Che  fllce 
392  ni  (pyrene)  (see  Figure  4-9).  Uhe 


By  c 


Che  feeeibillcy  of  using  SFtlTP  ss  e detection 
length  of  Che  connecting  cubing  end  using  e nlcro-nebullzer,  Ic  should  be 


wavelength  of  fLuoraothrene  <365  nn).  (h)  Room  ceniperacure 
under  the  eane  experlnencal  eonditione 


vavel«D2C^  of  pyrene  (343  naj . (b]  Roob  ceoperacure 


a:celcsclan  and  ealsaiaa  wavelangcKa  of  oaasuraiMnc,  Ic  was  possible  co 
characcerlse  a single  coaponent  of  a aiacura  parclally  cesolvsd  by  HfLC. 
This  special  feature  laskea  Che  SSBTP  decoecor  a uaoful  cool  for  liquid 
chcoisBCographle  operaciona.  Conplex  sysceas  can  be  separated  Into  slapler 
ones,  and  the  individual  coaponents  of  a aixcurs  can  be  seleecively 
decerained  by  choosing  Che  approprlace  sec  of  measurenenc  wavslengcha, 
the  versacilicy  of  cha  iiew  dececcor  peraicced  Idanclficacion  of  compounds 

characcsrlscics,  showing  ics  potencialicy  for  quallcacive  purposes.  The 
groacesc  versacilicy,  however,  would  resulc  with  the  use  of  an  incanslflad 

spsccra  co  be  recorded  as  chs  peaks  eluce  perniccing  "iapure"  probes  co  be 
resolved  Inco  Individual  coaponsncs.  Us  also  believe  chat  chs  SSBTP 

ils  offers  Che  possibillcy  of  Identifying  the 

posiclon  of  every  compound  on  cha  filter  paper  scrip,  a new  ehroaacogram 
(phosphorescence  versus  diacance)  can  bo  obtained.  If  further 

and  ealsslon  speccra,  AddicioTLal  work,  however,  is  nsoessary  1 


HE,  THEOPHYLLINE,  AND  THEOBROHINE 
.,j)  CHSOKATOCRAPHY 


SciauLAEad  by  widespread  caeee  ot  drug  abuse  by  olyaplc  achleres  eo 
loprove  chelr  phyileeL  perfereiaace  and/or  mental  condition,  the 
International  Olympic  CoBBlccae  <I0C)  eetabllebed  c Hediecl  Comalsslon 
(HC>  and  charged  It  with  the  responsibility  of  controIllnE  Che  abuse  of 
perfomanee*enhanclng  drugs  [80,81|.  The  HC  developed  s list  of  banned 
substances  which  include  acre  chan  200  different  drugs  and  aecabollcas 
such  as  psychonotor  sclmuLants,  sympathDalmeclc  amines,  central  nervous 
system  ecijsulancs,  narcotic  onalgeslos,  and  anabolic  steroids  [82], 

in  screening  analysis  of  a large  number  of  urine  specimens.  Depending  on 
Che  type  of  compounds,  gas  chromatography  (GO),  gas  chromacography'sess 
speccromecry  (GC-HS),  high  performance  liquid  chromatography  (HPLO)  and 
radioinaunosssay  methods  are  usually  esplcyad  for  initial  screening  of 

a screening  procedure  must  be  confirmed  by  e different  anaiycical  method 


Caffeine  (1, 3, 7‘CrimechylxanchlneJ  i 
classified  as  a be 


analysis  of  caffeine 


aiB8EhyUMichlB«  <MK)  lecsbollces:  cheophyllln*  a,3-DHX)  ana 
cheobrenlne  (3,7-DHX)  183,34] . Th«  AFOK  abtalned  ulch  Che  SSHTF  dececcec 
are  aospared  Co  chose  obcaioed  by  UV  absorpclon  deceeclon  undec  Che  saae 
Bxperlaencal  condlcioos.  The  SSRTP  and  W chromacograns  of  spikad  urlna 
saaples  are  coaparad,  and  che  feaaibilicy  of  keeping  the  SSRTP 
chronacograa  as  a peraanenc  record  of  che  analyaed  saDpLea  la  diacusaad. 


Tha  inscruaancal  conflgucacion  eaployad  In  chla  scudy  baa  bean 
dascribed  In  derail  In  Chapcer  4.  AU  the  SSRTP  aaaaureaenca  eare 


performed  under  a flou  of  dry  niccogen  ulch  a delay  clie  of  0.03  ms  and  a 


Cider  phosphorescence  standard  (300  na/6L5  nm)  vaa  employed  for 
yeriflcacion  of  possible  Incenslcy  verlaciona  of  che  eaclcacion  source. 

ooncrolled  by  a Peckln-Eldor  PECLS  applicacion  program. 


(Bamsced  Sybron  Corp.J  and 
used  chroughouc.  HPLC  grade 
Caffeine,  theophylline  and 
ised  wichbuc 


'Ranopure"  denlnerallzad 

machanol  was  from  Flaher  Selanclflc 
cheobromlna  were  purchased  from  Sigma  Chemical 
furcher  puclflcaclon.  Pocasslum  iodide  (KI)  was  obcained  from  Fisher 
Scienclfle  Co.,  challlua  (I)  acecace  (TlOAo)  was  from  Aldrich  Chemical 
Co- , and  lead  (II)  acecace  (PbOAc)  from  Allied  Chemical.  Absolute  ethanol 
(Florida  Disclllecs  Co.)  was  used  to  prepare  che  heavy>acom  solutions. 
Anhydrous  CaSO«  (Hammond  Drlerice  Co.)  was  employed  as  a drying  substance 
Co  avoid  tho  presencB  of  humidity  in  a desiccacor.  S A S 2C43.A  filter 
paper  (Schleicher  and  Schuell)  was  obcained  as  e 2.3  cm  wide  a 24  m long 
nicer  paper  roll  and  employed  as  a subacrate.  An  Acrodlac  disposable 


ukin^  any  oMdlcacions 
fllcered  chrough  . 

approxiasCBly  d pL  of  a 


n Chapter  i 
SSRTP  retantion  tlas 


:looa  ODpLoyed  in  thla  study  vela  prepared  in 
dilution  of  stock  solutions  containing  30D  pg/aL 

the  separation  colunn,  the  spiked  urine  eaaples  were 
Acrodiae  disposahle  filter  asseably.  After 


previously  reported  Ebl.62 .8S-dS] , all  phosphors  aalttad  cha  highest  RTF 
intensities  In  the  presence  of  Iodide.  All  coapounds  exhibited  very 


theophylline, 


33S  gSS  232 


wera  dlaeuaaaa  1a  Chapter  b,  when  alaller  variations  ware  obsarvad  In  tha 
ahowa  the  SSRTf  reaponsa  of  caffaine,  theophylline,  and  theobroalne  versus 

thaobroalne  fapproxlaataly  10%)  when  the  flow  rata  was  varied  fron  0.5  to 

exit  of  cha  nabultser  to  the  saap 
paper  speed,  this  delay  tlae  can  be  reduced  resulclns  in  a shorter 
niter  Psear  Snead  Effect.  In  order  to  obtain  Che  shortest  possible 

AutoAnalyser  continuous  filter  (20  ca/Dln) . Unfortunetely,  at  this 

speed.  Ac  cha  fastest  filter  paper  speed,  the  analyte  deposition  Is 

only  spends  approxloacaly  2 eln  In  the  dryln|  ehanber.  Attributing  Che 
lack  of  RTP  signals  Co  the  Insufflclanc  enDunc  of  analyte  sprayed  par  ca“ 
of  filter  paper  and  possible  aclsture  quenching  due  to  short  drying  claes, 
ve  reduced  the  speed  of  cha  fllcar  paper  scrip.  Several  substrata  speeds, 
ranging  froa  5.S  to  16  co/aln,  were  tested  for  hi^sc  STP  Intensities, 
Figure  5-2  shows  Che  SSR7P  chroaecogrons , obtained  st  three  different 


varlacians  of  theobrouine  a,  cheophylline  • anc(  caffelno ''a 
wich  mobile  phase  flov  rare  vaciaclona.  Hobila  phase: 

coapound;  injaccad  volume:  20  pL. 


paper  speede,  o£  a ayncheclc  atxeure  concainlng  cheoph/lllne,  rl 

aerhanol;wacer  soluEion.  AE  a fllEer  paper  apaed  o£  16  ciB/nln  (Figure  S< 

daceeror.  In  addicion,  noc  enough  anelyce  per  cb^  of  eubscraca  uaa 
probably  eprayed  Co  produce  aceepcabla  RTF  aignal  Incanelciee.  Hl^er  RTF 
aignal  Incanelciee  uera  obeerved  ec  3.5  ca/aln  {lleer  paper  apaed  (Figure 

chaabec.  Houever,  ac  auch  a low  filter  paper  apaed,  cha  enalyce  dlffuelon 

in  a ahocc  aecclon  of  filter  paper  ecrlp.  Ae  o coneequenee,  broadened  and 
aeyenecrle  paaka  were  obaervad,  raeulclng  In  a decraaae  In  the 

profiling,  a paper  epeed  of  11,1  ca/oln  gave  the  beat  reeuica  for  SSRTP 
dececclon  (Figure  5*2c).  By  aaploylng  rhla  eubscrece  apaed,  a delay  clae 
of  approxlnacely  7 Din  and  17  a wee  obeerved  in  Che  SSRTP  ehroDacograme. 
The  cocai  HPLC-SSRTP  analyala  cine  wae  abouc  15  ain  and  17  a per  aaaple. 
All  Che  SSRTP  ebroDarograaie  preaanced  In  chla  chapcer  have  been  correcced 
for  the  delay  cine  (7  nln  and  17  a).  Ic  la  iaportonc  Co  point  ouc, 
however,  chac  Che  opctaua  eubscrece  epeed  for  Daxlnua  RTF  aeneiclvlcy  and 
ohroaacographld  efficiency  depende  on  che  flow  race  and  Che  nacure  of  Che 
Doblle  phaae.  The  use  of  a aore  volaclla  noblle  pheee  would  require 
ahorcer  drying  clDoe,  raeulclng  in  faecer  paper  apeede.  In  chla  caae, 
chough,  Che  ILnlclng  factor  of  aubecrece  epeed  could  probably  be  Che 

eeally  Inereaaed  by  working  ac  higher  flow  racee,  which  would  reaulc  in 
oeeualng  CauseUn  peaka  and  are  lleced  in  Table  5-2.  As  obeerved.  chore 


ohroDacograoie  were  eoapared  co  chose  obcalned  by  UV  dececclon.  This 
efficiency  loss  la  approxlaacely  6 c1;ms  higher  chan  Che  one  observed  in 
Che  conperecive  analysis  of  several  polynuclear  aronaclc  conpounda  by  HPLC 


rigure  5-2.  Sollfl  subscrace  rooB  easperacura  phosphoriveEry  raaponaa  (1^) 
of  chaobroBfne , (1),  chaophyLLioa  (2)  anb  caffeine  (3)  vecaus 


la  HPU;  Analyilf  o 


'’Capaelcy  fsccors  (k’)  calculacad  far  a dial  voluma 
'Sfflcianeiaa  ealeulaced  uaing  H - 4 (V^g  In  ^ 


was  anpLoyad  aa  a sobile 


phaaa.  Tha  chrdaacagraphlc  aaparaclon  a£ 
poorer  volacillry 


than  machanoL  and  requiraa  longer  drying  tines . Aa  mentioned  as  tiler,  tha 
convenient  to  choose  Che  eluent  based  not  only  on  its  ability  Co  separate 

seoalcivity  and  teproducibilicy.  The  limits  of  detection  with  Che  UV 
detector  were  calculated  from  the  equation  c^  - 3/5  (X^p/m)  where  la 

id  by  multiplying  the  equation 


Che  factor  A^/A^,  where  A^  is  the  irradiated  a' 

HPLC'UV  abaorpcion  detection  (S9'92|.  The  LDh  achieved  by  SSRTP  ace 
approximately  one  order  of  magnituda  larger  chan  chosa  obtained  by  UV 


<6«).  Caffeine  and  chaophylline  showed  RS 
medlua,  and  high  concancraelone , raspacclvaly. 


I Che  UV  chromacograji  {see  Tlguce  f>3). 


cheophyLllne  end  caffeine.  Aft 
Alcheugh  cheophylline  and  eaffelna  are  wall  resolved.  cbeobroiBlne  eppeace 
chrooacograa,  free  froa  blank  urine  Incerfereneea.  Thla  la  due  Co  Che 

cause  slgnlfleanc  concribuclon  Co  Che  background  algnal  of  solid 
subscracea.  Since  cbe  Bagnlcude  of  Che  SSftTf  signals  of  Che  chree  drugs 

devlacione  of  aeasureaencs,  and  Che  blank  reapanse  la  alallar  In  boch 

oechod  for  Che  analysis  of  urine  saoplee. 

idanclfylng  che  consclcuencs  of  a scored  saaple  ac  any 
This  la  an  accracclve  feacura  for  areas  where  a peraananc 

Is  posslblllcy  for  che  specific  case  of  caffeine, 


evaluacing  < 


phosphors  on  the  filter  peper  scrip  wi 

n for  5SRT?  idencifitetlon  ei 


their  Idsnclficacion  I 


n Che  subetrete  scrip  reoeined  constant,  allowing 

r further  identification,  Che  filter  paper  scrip 
auo  RTF  signal  incenslty  of  eaoh  cotipound  and  Che 
. ware  recorded.  The  excicacion  and  eeission 

Later  are  shown  in  Figures  5-d,  S>5,  and  Figure  5-7  shows  cha 

background  speccrun,  chough,  reaained  approxioately  che  sane.  Table  S-d 

were  dislocated  Co  a region  of  longer  wavelengths  and  varied  with  che 
studied  eoDipounds.  Fossibie  varlacions  in  che  incenslty  of  che  excicacion 
source  were  Invescigaced  by  eoaparing  che  RTF  signal  intensities  of  a 
phosphorescence  scandsrd  tlOO  ra/dL5  no)  obtained  at  che  aooencs  of 
deteccion  of  fresh  and  one  uonch  old  saieples.  No  aignifteanc  variations 

verified  for  cheobrooine,  tbaophylline  and  caffeine,  respectively.  Since 
a significant  decrease  in  che  background  signal  was  not  observed,  chare 
was  a ceduccion  in  the  signal-co-background  ratio  of  all  phosphors.  These 
eodlficacions  obviously  makes  difficult  cha  Identification  and 


saiBpLe£  sprayed  on  fllrer  paper;  (b)  afcer  one  o 


(Sio)  speecra  of  urine  saiiplea  sprayed  on  fill 
praseacB  of  IH  Kl . 


chac  no  aCEODpca  wore  aade  Co  opcialae  i 
preaence  of  Boiacuro  In  cha  dasiceacor 
raaponalbLe  for  cha  redueclona  observed  la 

aialnisa  Dolscure  offacEs.  The  ahifcs  observed  In  c 
uaveLanfChs  suggaac  choc  saople  dagradecion  occurred 
scrip.  Thla  possibllicy  screasas,  one  aora  Elna, 


ilgoels.  Scoroga  of 


rip  ac  low  cemperacure  could  olnlBlza 


n alcemacive  oiechod  for  cha  quanclEaciva  analysis  of  caffalna, 

packs  chac  seriously  coopronlsa  cha  daearalnsclon  of  chaobroBlne.  The  non* 
phosphorascenr  nacura  of  urine,  however,  allows  cha  SSftTP  dacecclon  of 
cheobroffilna  free  froia  blank  Incerferences. 

analysed  saisples  scrongly  depends  on  cho  search  of  approprlaca  scorega 
eondlclone.  In  Che  specific  case  of  caffeine,  cheophylline  and 
cheobrcmine,  che  scorage  of  fllcer  paper  scrips  in  a deslccacor  ac  coon 

employing  HPLC-55RTF  as  A conflmacion  nechod  for  caffeine  abuse  by 
achlaces.  The  LOD  obcalned  by  SSRTP  allows  che  dececcion  of  lower 
concancracions  of  caffeine  chan  che  upper  limic  escablished  by  che  HC  <12 
dg/dl) . Since  a small  nuaber  of  urine  samples  per  spores  event  usually 


CKATTEIl  6 

CONCLUSIONS  AND  SUSCESTIONS  FOR  FimjRE  UORK 

RhosphorlBscrF  cechnlquep  as  cha  oose  aulcabla  approach  co  ba  appLlad  in 
routine  analyaia  of  a large  nu^ar  of  aaaplea.  The  alaplieiry  of  lea 

deoxygonaeloA  of  aolvenra,  and  aha  poaalblllcy  of  aueoBoclon  have  bean 
polnred  ouc  as  the  bosc  aecraeclva  faacuras  over  LTP,  HS*RTP,  and  RTFL. 

requlranenr  of  SSRTP  aasoclaced  to  Us  high  aanslclvlcy  and  aelecrlvlcy 
are  equally  lieparcanc. 

lea  application  Co  routine  analysis  of  a large  number  of  samples  has  bean 
limited  by  the  manual  procedure  commonly  employed  in  SSRTF  analysis. 

using  appropriate  nebullaera,  small  volumes  of  saoplee  an 
sprayed  on  filter  paper  substrate  (-5  uL/cm^}  pemltcing  ll 

using  heavy-atom  solutions  at  their  optimum  c< 


e technique  as  an  analytical  c 


Th«  veraatiLicy  of  che  fwo  nebullaer  a 

concinuoua  aaaple  Incroduatlon  ceehniciue,  calibraclon  eurvea  were  eaeily 
obtained  with  only  one  or  two  atoclt  analyte  aoluciona.  Uhen  eeaocieted 

liquid  chroaatographlc  separation.  By  choosini  Che  appropriace  sec  of 


tharaeeeriscloa  is  passible,  showing  the  potential  of  the  5SBTP  decactor 
for  qualitative  purposes.  If  needed,  its  aeleecivicy  can  bo  Laproved  by 
SBHAP.  By  using  Che  appropriace  tonbinscion  of  heavy-atoa  solutions  and 
excitation  wavelengths,  It  is  possibls  Co  enhance  the  phosphotescent 


signal  of  a target  conpound 
new  sysceB.  Its  appUeecion, 

detection  unit  different  then 


er,  la  reecricted  by  the  siBilaricy  of 
ceaperacure.  Synchronous  excitation 

the  ona  utilised  in  these  scudiee. 

:RTP.  HPLC‘SSRTP  offers  sevetsi  edvanteges . 


shorcsr  analysis  ciee.  Finally,  the  nunber  of  publitscions  involving 
SSRTP  studies  exceede  rtSRTP  published  data.  this  fact  fecilitataa  the 
optiniastion  of  persBecets  for  a larger  nuaber  of  conpounds  when  SSRTP  is 


utilizacion,  hove 

relaclve  position  o(  ch 
tha  idoncifleatlon  bos 
Furthez  Identification 
atzongly  depends  on  tha 


Iter  papec  strips  offers  the  possibility  of 
his  area,  seeking  optlisua  storage  conditions  for 
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